Fungi are a model organism for eukaryotic kingdom. Endophytic fungi have important role in plant microbiome. The endophytic fungi are thought to have evolved from parasites or pathogens through an extension of latency periods and reduction of virulence. The endophytic fungi, Colletotrichum are source of valuable compounds, useful in pharmaceutical/agricultural industry. The genus Colletotrichum consists of 29 to 700 species. It is a wellknown pathogen for long period and at the same time a well-known endophyte. This transition of the fungus from one state to another is interesting. The mechanism of transition from pathogen to endophyte is not yet studied. Chances of genetic drift were proposed earlier but not yet studied. In this review, we try to apply protein profiling as a powerful tool to study the transition of the fungi as a pathogen to endophyte (Parasitism to mutualism).
The Kingdom fungi
Fungi are important group of organism on earth as they play important roles in different milieu. Right from the discovery of the first antibiotic Penicillin, a significant milestone in the human history by Alexander Fleming in 1928, fungi, has been used for their capacity to produce many compounds in application both in medicine and industry. Fungi are important secondary metabolite producers, serving mankind. The kingdom fungi, the Mycota, is the sister taxon to the multicellular animals (Metazoa) [1] [2] . Over 1.5 million members of the Fungal Kingdom impact nearly all other forms of life as either friend or foe [3] . Fungi possess some of the compact eukaryotic genomes and the genome expansions can be hypothesized as an adaptation to their parasitic lifestyle [4] . The Ascomycota genomes which are obligately parasitic and have greatly expanded genomes containing large numbers of transposable elements [4] [5] . Some of the fungal species are of crucial significance for their physiological and symbiotic abilities like mycorrhizal associations which at times are crucial for plant growth, development and fruiting [6] . Proteomic studies of filamentous fungi were started by Lim, et al. on Trichoderma reesei cell envelope proteins and on Aspergillus fumigates glycosyl phosphatidyl inositol-anchored proteins by Bruneau, et al. [7, 8] .
After that a good number of studies have been published on fungal proteomics [9] . This review focus on the genus Colletotrichum.
The genus Colletotrichum

Division -Ascomycota
Class -Sordariomycetes
Order-Glomerellales
Family -Glomerallaceae
The genus Colletotrichum comprises ~ 600 species [10] . Exist in two stages -telomorph (sexual stage) called as Glomerella cingulata and anamorph (asexual) Colletotrichum gloeosporiodes. The generic name Colletotrichum was introduced by Corda for C.lineola, a species found associated with a member of the Apiaceae in the Czech Republic [11] . It attacks over 3,200 species of monocot and dicot plants. Distribution wise Colletotricum has Cosmopolitan nature. Almost all of the plants are susceptible to one or more species of Colletotricum.
Colletotrichum gloeosporiodes as a pathogen
Colletotrichum gloeosporioides was a pathogen for long period. The genus Colletotrichum consists of 29 to 700 species. C. gloeosporoides has a long history as a model pathogen for fundamental, biochemical, physiological and genetic studies. Their biotrophic life strategies contribute their prominence as symptomless endophytes of living plant tissues. The organism interacts with numerous plant species explicitly as indicative pathogens and cryptically as asymptomatic pathogens. It is not clear whether these contrasting ecological modes are optional strategies expressed by individual Colletotrichum species or whether species ecology is explicitly pathogenic or endophytic. The infection strategy of this organism is a multistage hemibiotrophy [12] . Colletotrichum are endophytes as well as disease agents of conifers and ferns [13] [14] [15] [16] [17] [18] . They are associated widely with both herbaceous and woody plants, though the latter appear mainly to contain colonies in fruits, leaves and other non-lignified tissues. There is a change in their character from intracellular hemibiotrophy to subcuticular nectrophy. The organism develops specific structures which are particular to pathogens -germ tube, appressolia, intracellular hyphae and secondary nectrotrophic hyphae.
Colletotrichum gloeosporiodes as an endophyte
The ecological significance of endophytism is unclear. The establishment of endophytic association with plants are interesting, the initial steps being the same -recognition, germination and penetration and then a quiescence stage is developed. There may be some mechanism to avoid recognition also. A gene has been cloned from Colletotrichum gloeosporioides which is switched on during the initial phase of colonisation and switched off later during the necrotrophic phase. This gene encodes a glycoprotein that resembles plant cell wall proteins which is believed to coat the hyphae that the plant is unable to recognise as alien. They are pathogenic on the main host species but symptomless endophytes on 'non -disease' host species, providing mutualistic benefits such as disease resistance, drought tolerance and growth enhancement. This differential behaviour may result from differences in fungal gene expression in response to the plant or differences in the ability of the plant to respond to the fungus. Mutualistic endophytes can be evolved from parasitic or pathogenic fungi [19, 20] .
Host -Parasite Interaction
Endophytism, the capacity of an organism to colonize tissues of a host plant without causing disease symptoms, is a complex process influenced by several physiological and environmental factors. Travel of a pathogen to endophyte in a plant is really audacious. The journey through co-evolution produces lot of changes both in endophytic partner and also in the host. The biotrophic life strategies adopted by Colletotrichum species may also contribute to their prominence as symptomless endophytes of living plant tissues [21] [22] [23] . Research into the molecular basis of host-parasite interactions in Colletotrichum is currently highly active, and such approaches will dominate research in the future into the extent of host specificity exhibited by Colletotrichum species [24] . Constant monitoring of the tree for disease symptoms are done to check whether the endophyte is transformed to pathogen. There are no reports for that. No angiosperm that does not harbour endophytic Colletotrichum colonies are known so far. There are many reports about isolation of taxol, the anticancer drug from Colletotrichum gloeosporioides from different plants [25] .
The Genome
The estimated total genome size of Colletotrichum gloeosporioides is 55.6 MB [26] . About 15469 genes are predicted in C. gloeosporoides. The first applications of DNA sequence data to distinguish between Colletotrichum species were published by Mills et al. and Sreenivasa Prasad et al. who identified sequence variation in the ITS1 region of nr DNA between six species of Colletotrichum, as well as detecting polymorphisms in the same region between strains of C. gloeosporioides from different hosts [27, 28] . We isolated C.gloeosporioides as a host specific endophyte from the forest tree Cyanometra travancorica [29] . Genomic analyses of the fungi have revealed that the gene densities are below the genome average and only two of the scaffolds have GC contents of below 50% and the genes encode proteins like fungal effectors, proteins that have important role in disabling the host defense system. Evidence of molecular mimicry for the production of subtilisin by horizontal gene transfer from the plants have been reported [30] . Colletotrichum gloeosporoides was identified as true endophyte from Cynometra travancorica, possessing dispensable, potential pathogenicity -associated chromosomes that can be horizontally transferred between compatible strains [31] .Their biotrophic life strategies contribute their prominence as symptomless endophytes of living plant tissues. Chances of genetic transfer are more as it is evident from the fact that the secondary metabolites which are produced by the plants are now produced by the endophytic partner.
Eg: Taxomyces andreanae which produces taxol.
Application of Proteomics
Now a major challenge in modern fungal biology is to understand the expression, function and regulation of the entire set of proteins encoded by fungal genomes. This is the aim of newly emerging field of proteomics, i.e., fungal proteomics. This information will be invaluable for understanding plant-fungal interactions, pathogenesis and fungal colonization.
Proteomics complements other functional genomics approaches including transcriptomics [32] . Colletotrichum exhibit different forms in their life cycle even within a single species, like biotrophy, necrotrophy, endophytic and latency. Each stage brings about different interaction and during these stages many proteins are released due to differential gene expression.
Biotrophy
Necrotrophy Endophytic Latency
Biotrophic fungi have variations in their tubular cells, the hyphae. Haustorium is the specialized hyphae.
Necrotrophic fungi secrete toxins and kill host cells as soon as they enter. They take the nutrients from plants and kill them. Endophytic fungi doesn't sporulate at all. They can be seen inside the cell. They live in mutualism. Latency period is that between sporulation and germination. It remains in an inactive stage and there will be no growth.
Protein profiling can give an overall picture about the conversion of a pathogen to an endophyte. There are reports for the presence of plant like S8A -subtilisin in the genome of Colletotrichum. Evidence of molecular mimicry for the production of subtilisin by horizontal gene transfer from the plants has been reported [33] . These proteins show evidence of lateral gene transfer from plants to a Colletotrichum ancestor. It's possible that Colletotrichum acquire and use plant like subtilisins to manipulate host metabolism [27] . The increase of plant-pathogen interaction analysis, focused on the plant-fungus association is a topic of rising interest in the last five years; even when the limitation in sequence availability in public databases is also
Protein Isolation
Protein extraction is very important step for fungal proteomics as it influences protein function, yield, and the structural integrity of specific target proteins. For adequate release of intracellular proteins, cell wall lysis of the fungi should be perfect. As filamentous fungi possess rigid cell wall, an effective strategy has to be followed for fungal proteomics study. Shimizu and Wariishi has devised an appropriate method for lysing the fungal cell wall by generating protoplasts where 2DE patterns were better visualised than proteins isolated from disrupting the fungal cell wall using SDS extraction [35] . The protein extracted is subjected to Tri Chloro Acetic Acid (TCA) precipitation for purification to minimise problems due to contaminants during isoelectric focusing [36] . Proteins obviously play critical roles in diverse biological processes through interactions with other proteins, DNA, RNA, and small molecules both inside and outside cells. Once the cells are lysed, the protein solution is often purified via Trichloroacetic Acid (TCA) precipitation to remove contaminants that can be problematic during isoelectric focusing [36] (figure 1). 2.Differentially expressed spots are subjected to in gel trypsin digestion [38] .
3.After crystallization by standard procedures, the peptides are analysed by MALDI-TOF MSor MALDI-TOF/TOF MS/MS using Proteomics analyser mass spectrometer [39] . Peptides are identified by MASCOT search engine.
Analysis of the intracellular proteome
Protein regulation, function and expression of fungal genomes are really challenging.
Grinyer, et al. used a combination of 2D-PAGE and mass spectrometry for the identification of proteins from filamentous fungi [40] . Hernández-Macedo, et al. carried out fungal protein vizualisation by 2DPAGE [41] . A filamentous fungi used as a model organism is Aspergillus sp. The majority of the Aspergillus proteome research is still represented by quantitative 2D studies and less than 10% of the predicted whole proteome of Aspergillus sp [42] [43] [44] . Has been identified and quantified until now. Some of the fungal proteins which are studied are shown in Table 1 . 
Aspergillus niger
Cytosolic proteome reference map Lu, et al. [47] Penicillium chrysogenum Intracellular proteome reference map Jami, et al. [18] The majority of above proteins are involved in cellular metabolism, protein synthesis, transport processes and cell cycle. The intracellular proteome of dormant conidia (asexually produced spores) of A. fumigates are required for stress tolerance and rapid reactivation of metabolic processes. The cytosolic proteome reference map of the well-known producer of primary metabolites and extracellular proteins Aspergillus niger are also characterized.
One of the constrain of proteomic analysis of filamentous fungi is that only less than 10% of the predicted whole proteome are identifiable. Under laboratory conditions, only a fraction of the total genome gives rise to proteins. Expression of other proteins will be under different nutritional and environmental conditions in nature.
Proteomic Mapping -Uses 1.Complete understanding of different mechanisms and expression factors which are involved in conversion of a pathogen to endophyte.
2.Develop systematic understanding of virulence factors in pathogenic fungi. Fernandez-Acero, et al. [48] .
Conclusion
The entire plant kingdom on this earth is host for fungal endophytes. The fungal endophytes have gained importance in the present context to such an extent that active insight into the structure, biology, metabolism and expression are important to study as they play an important role in medicine, agriculture and industry. There are many reports for the endophytic fungi Colletotrichum, producing anticancer drugs like taxol and camptothecin. The large scale productions of these drugs in lab are not successful so far. There can be certain factors which are responsible for these differences. Proteomic analysis can give a complete understanding about the fungi. Our study organism C. gloeosporoides can be utilized as a model in fungal proteomics. Studies are underway.
Endophytic fungi are an important bio resource which are not utilised properly due to lack of understanding about the physiological and biochemical aspects. If utilised properly, these organism can have lot of application in medicine, industry and agriculture.
Proteomic analysis is a powerful tool capable of resolving thousands of proteins and thereby allows a systematic understanding of the molecular events that occur within an organism's various physiological states, protein expression level of specific genes, and through cellular fractionation can provide spatially specific information on protein expression. For C. gloeosporiodes, post genomic studies (especially in the area of proteomics) are just beginning to take place and considering the importance of the organism as both a pathogen and endophyte, it is surprising that proteome profiling is yet to be done. Our current studies are focussed on the same.
